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This article describes the results of a study performed to determine the maximum
allowable CW RFI power into the DSN S-band maser to ensure linear amplification of the
desired signal by the maser and Block IV receiver.

. Introduction

The power levels of CW signals that result in gain
compression of the S-band maser at various frequencies has
been well defined (Ref. 1). It has been generally assumed that
the maser will saturate at weaker power levels than stages in
the receiver, and, consequently, the criterion for avoiding
receiver saturation by CW radio frequency interference (RFI)
was the maser saturation curve of Fig. 1.

In this study the most sensitive points within the Block IV
receiver were considered along with the maser saturation
characteristics. A curve was developed to show maximum
allowable CW interference power into the maser versus signal
frequency to ensure linear operation of the receiver.

It should be pointed out that many circuit parameter
specifications which adequately ensure that the receiver meets
its design requirements (i.e., properly receives the desired
signal) do not provide sufficient information for determining
the worst-case parameter values for RFI analyses. For
example, the minimum gain of an amplifier is specified but the
maximum gain of the amplifier, which causes the worst case
RFI effect, is not. Because the worst-case values of many
parameters could not be determined, it was necessary to use
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typical and minimum specified values in this study. As a result,
the actual levels required to cause nonlinear operation of the
receiver may vary from receiver to receiver and {rom the curve
developed herein. It is estimated that the magnitude of this
variation is typically 3 dB.

ll. Model Description

The model for maximum allowable CW RFI at S-band is
given in Appendix A and shown graphically by Fig. 5. This
analytic model is based upon the following assumed receiver
settings and conditions:

(1) The design point tracking loop noise bandwidth (28, )
is 10 Hz.

(2) The predetection bandwidth is 20 kHz.

(3) The system noise temperature is 23 K.

(4) The signal level control is set at 20 dB.

(5) The receiver is locked to a desired signal having a power
level of -165 dBm (- 195 dBW) at the maser input (this
signal level corresponds to the minimum 10-dB SNR in
2B, , recommended by the DSN).



Shown in Fig. 2 is a simplified block diagram of the Block
IV receiver. The circled numerals denote circuit points where
signal power must not exceed certain limits to ensure linear
operation. The maximum allowable power levels at these
points are determined by module characteristics, and by the
overall gain and frequency response of the receiver stages
preceding the circuit point (see Appendix B). These values are
given in Table 1. The first row of Table 1 contains the module
limits that are power levels which, if exceeded, will cause the
stage associated with the point to operate in a nonlinear
region. The subsequent entries in the table show the corre-
sponding power at -each preceding point when the most
sensitive circuit points are consecutively set to their module
Himits.

As an example of the use of the table, consider the case
when point 7 is set to its module limit. From the table it is
seen that the maser input signal necessary to cause the limit
value (+20 dBm) at point 7 is -90 dBm. From Fig. 1, it is
found that the maser limit value at frequencies within +4 MHz
of the desired signal is ~90 dBm, and, therefore, it is seen that
the telemetry output (point 7) and maser will saturate at the
same receiver input power.

To present the analytical model graphically, first, the
maximum allowable power at the preselector input (from
Table 1) was plotted versus interfering signal frequency in
Fig. 3. The points enclosed in circles and triangles are
measured saturation values which are discussed in the follow-
ing section.

Since the receiver preselector has a much wider bandwidth
(140 MHz) than the maser (30 MHz), Fig. 3 must be corrected
for the maser frequency response. This plot is shown in Fig. 4.

Next, the maser saturation characteristics curve (Fig. 1) is
combined with Fig. 4 to obtain the overall receiver saturation
curve shown in Fig. 5. Figures 3, 4, and 5 are all drawn
showing the receiver locked to a single desired carrier signal, as
it would be at any given time. To define the susceptibility,
taking into account that the receiver can be tuned to any
frequency within the DSN S-band downlink receive band
(2290 to 2300 MHz), the most sensitive region of the curve
would be drawn 10 MHz wide (from 2290 to 2300 MHz).

ill. Verification Tests

Verification of the model was accomplished by testing the
Block 1V receiver without the maser and combining the results
with empirical maser saturation data obtained from the
reference. ldentical tests were performed in CTA 21, using an
operational receiver, and in the Telecommunications Develop-

ment Laboratory (TDL), which has the Engineering Model
Block IV receiver.

The test configuration is shown in Fig. 6. The spectrum
analyzer is used to measure the suppression of the desired
signal caused by the interfering signal applied at the preselec-
tor input. This analyzer provides a 1-Hz resolution bandwidth,
which allows accurate measurement of the signal power at low
signal-to-noise ratios. Because the instrument (HP Model 3580)
is limited to frequencies of 50 kHz or less, down conversion of
the 10-MHz and 100-kHz outputs was necessary. The attenua-
tor used before the mixer is required to prevent the test mixer
from being saturated by the interfering signal power at the
10-MHz distribution amplifier and 100-kHz IF amplifier
outputs. The test accuracy is estimated to be +4 dB.

The results of these tests are shown in Fig. 3. The TDL test
results, shown by circled points, show good agreement with
the model from 2260 to 2310 MHz. Deviations from the
model outside this range were caused by the TDL’s 325-MHz
IF amplifier, which is of a different design than the DSN
operational amplifier.

The CTA 21 points show good agreement with the model,
except the points at 2330 and 2340 MHz show that the
preselector bandwidth of CTA 21°s receiver is approximately
4 MHz wider than assumed by the model.

Saturation characteristics of the 100-kHz IF amplifier at
frequencies within the predetection bandwidth could not be
measured directly. In this region, severe tracking performance
degradation will occur before saturation takes place (tracking
loop performance in the presence of a CW RFI will be
discussed in future reports). Instead, the gain and output 1-dB
compression point of the 100-kHz IF amplifier were measured
and found to agree with the model assumed values (42 dB and
+7 dBm, respectively).

IV. Conclusions

The test results show that the receiver only saturation
model (Fig. 3) is sufficiently accurate to use in developing the
overall receiver saturation curve (Fig. 5). This model predicts
that the 10-MHz outputs to telemetry and ranging will saturate
at nearly the same power level as the maser when the
interfering signal frequency is within #4 MHz of the desired
signal frequency. Outside of this region the maser saturation
characteristics will predominate.

Within +10 kHz of the desired signal, it is known that

severe carrier tracking degradation will occur at much lower
levels of interfering signal power than that which will produce
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saturation of the 100-kHz I¥ amplifier linear output. Modeling  ence is currently underway. This model and verification test
of the carrier tracking degradation produced by CW interfer-  results will be the subject of a future article.
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Table 1. Maximum CW power levels to ensure linear receiver operation

Maximum CW power, dBm

Condition Circuit point
1 2 3 4 5 6 7 8 9
Module limit See - -7 -39 +10 -18 +20 =5 +7
Fig. 1
For timit value at circuit point 9 for  —133 -85 -87 -94 -39 -68 -23 -35 +7
interfering frequencies within +10 kHz
of desired signal frequency
For limit value at circuit point 7 for =90 -42  -44 -351 +4 =25 +20 -
interfering frequencics within +4 MHz
of desired signal trequency
I'or limit value at circuit point 6 for  -83 -35 -37 -44 +11 -18 - -
interference signals within 215 MHz
of desired signal frequency
For limit value at circuit point 5 for -84 -36 -38 -45 +10 - - -
interfering frequencies within £36
MHz of desired signal frequency
For limit value at circuit point 4 tor  -78 -30 -32 -39 - - -

interfering frequencies between 2182
and 2322 MHz

-100—

RFI POWER LEVEL AT MASER

INPUT, dBm

-150 |

| | ] I ]

2100 2300 2500
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Fig. 1. Maximum allowable CW RFI power to prevent S-band maser
saturation (1 dB or less gain compression)
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Appendix A

Equations for Maximum Allowable CW

Interference Power

The equations for each segment of the graph shown in Fig. 5 are given below. In the
following equations, P is the maximum allowable RFI power at the maser input in dBm,
and f is the frequency of the RFL. The region of carrier tracking loop degradation is
approximately 20 kHz wide with lower and upper frequency bounds of f, and f,,
respectively. It follows then that f| is f, ~10 kHz and f, is f,, +10 kHz. If it is desired to
use these equations to protect the entire DSN receive band (2290-2300 MHz), set 1 and
f5 10 2290 and 2300 MHz, respectively.

P

it

1l

TBD for f1 <f< 5, (tracking degradation region)
=90 for 2270 < f<f, orf, <f <2300
-90 + 0.6 (2270-f) for 2170 < <2270
=90 + 0.6 (f-2300) for 2300 < £ < 2400
-30+0.1 (2170) for 1870 < f< 2170
-30 + 0.1 (f-2400) for 2400 < £ <2700

0 for £ < 1870 or £ = 2700



Appendix B

Model Assumptions

Gain Values to Circuit Points

From preselector input,

From maser input,

Circuit point dB dB
2 — 48
3 -2 46
4 -9 39
5 46 94
6 17 65
7 62 110
8 50 98
9 92 140
Conditions

(1) Signal level control set to obtain 17 dB gain from circuit point 2 to circuit point 6.

(2) Gain of 55-MHz IF amplifier = 30 dB.

Assembly Bandwidths*

Mascr: 30 MHz
Preselector: 140 MHz

325-MHz IF amplifier: 72 MHz (-3 dB bandwidth)

F13: 30 MHz

55-MHz IF amplifier: 8 MHz

10-MHz IF amplifier
telemetry port (J6):

100-kHz output (J2): 20 kHz (noise bandwidth)

# All bandwidths are —1 dB bandwidths unless specified otherwise. Roll-off asymptote slopes are avail-

able from authors.

8 MHz
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